The rheological properties of a zinc phosphate and a zinc polyacrylate cement were investigated using a rotational viscometer. The effects of time, temperature, shear rate, and spindle geometry on the measured viscosities were evaluated. Results indicated that both cements exhibited Newtonian behavior. J Dent Res 56 (7): 762-767, July, 1977. A key step in the construction of a successful fixed prosthetic appliance is the cementation of the finished restoration. All of the skill and care involved in the fabrication of the appliances are wasted if the cementation procedure is accomplished haphazardly. One of the factors affecting cementation is the rheological (viscous) properties of the cementing medium.
Wilson,3 in 1972, used oscillating rheometers to measure working times of dental cements. Combe,4 in 1975 , studied the rheological properties of several polycarboxylate cements as a function of shear rate using an extrusion viscometer.
The present investigation was undertaken to evaluate the flow properties of two dental cements as a function of time, temperature, and shear rate using a rotational viscometer. In addition, the effect of spindle geometry on the viscosity of one material was evaluated.
Materials and Methods
Two dental cements, a zinc phosphate naterial* (A) and a zinc polycarboxylate materialt (B) were chosen for this study.
A rotational viscometerl was used to evaluate the flow properties of these materials. A cylindrical rod § (diameter 3.17 mm) or a t-bar spindle ¶[ (crosspiece length 6.50 mm) was attached to the driving mechanism of the viscometer through a calibrated spring. Rotation of the spindle in the test material applies a torque to the spring which may be converted directly to viscosity in centipoise (cp) by calibrating the recording device with Newtonian liquids,#** of known viscosity. A pneumatic recordertt was employed to provide a record of the rheologic behavior of the test materials. The rotational speeds of the spindles were varied from 1.0 to 20 revolutions per minute (rpm). The viscosity in centipoise was recorded conitinuously from 45 seconds following the termination of spatulation until the viscosity of the mix exceeded the range of the recorder.
The viscosity of mnost materials is extremely sensitive to the standard deviation in parentheses of A was 94,700 (2,500) cp and that of B was 109,800 (2,700) cp. At two minutes after the mixing the viscosity of A had increased about 10 times to 953,000 (12,000) cp and that of B about 4 times to 480,000 (8,000) cp.
The effect of spindle geometry on the viscosity of A is seen in Figure 2 . The values showvn vere obtained at 10 rpm and 18 C. The t-bar resulted in mean values of initial viscosity about 11 % lower than those obtained using the cylindrical spindle. The Scheffe interval at the 95% level of confidence was 1,900 cp. As the time from the termination of mixing increased, the differences in viscosity determined with the t-bar and cylindical spindle increased to about 25%.
Temperature effects on the initial viscosity (45 seconds after mixing) of each material at 5 rpm are seen in Figure 3 . Material A demonstrated a 54% drop in initial viscosity with a 7 C decrease in temperature while material B showed only an 8% decrease over the same temperature range. (Fig 4) Figure  1 reveals that the viscosity of A at 1.5 minutes after mixing (488,000 cp) is only slightly different from that of B at two minutes after mixing (480,000 cp). These dala may suggest a range of viscositv for use in a viscometric method of establishing working times for dental cements in fu-rther studies.
The differences in viscosities of material A with the cylindrical rod and t-bar spindles may be a result of interference of the formation of the matrix in the set material. Since the zinc phosphate cement consists of a matrix of amor- ature range suggests that the setting reaction has not progressed sufficiently to exhibit dramatic temperature effects. At two minutes following mixing, however, material B demonstrated a 38% decrease in viscosity over the temperature range, indicating a significant temperature effect on the setting reaction. In order to clarify the interpretation of the effect of rotational speed on the viscosity of both materials (Fig 5) , a mathematical model was applied to the data. The interpretation of viscometric data may be simplified if the test material obevs a power law in the form of SI= k (.y) n [1] where S is the shear stress in dynes/cm2, y the shear rate in reciprocal seconds (sec-1), and n and k are constants. 8 In addition, the shear stress may be calculated as a function of the torque (m) in dyne- [2] It can be shown mathematically that the slope of a log-log plot of the angular velocity of the spindle (Q2) versus the shear stress (S) is a straight line whose slope is the reciprocal of "n", the power law exponent (equation 1) .8 This power law is not only convenient because of its simplicity, but provides a simple test for the classification of rheologic behavior. If n equals one the substance is classified as Newtonian; if n is less than one the material is pseudoplastic, and if n is grealer than one the material is dilatant.
The results of a regression analysis of a log-log plot of Q versus S is shown in Figure 6 . The analysis resulted in a computed value of F of 3,270 for the polycarboxylate material and 2930 for the zinc phosphate cement. These values of F are much greater than F. 95; 1,23 = 4.28 and suggest that a linear regression line is appropriate for these data. The n value for material A was 0.967 and that for B was 1.002. These values of n were not statistically different from 1.000 at the 95% level of confidence. Thus, both materials appear to exhibit Newtonian behavior at this time and temperature. Conclusions A rotational viscometer was used to evaluate the effects of time, temperature, shear rate, and spindle geometry on the viscosities of a zinc phosphate and a zinc polyacrylate dental cement.
A power law equation adequately described the flow curves of both materials. In each instance the exponent, "n" of the power law was about one at 25 C and 45 seconds after mixing, indicating Newtonian behavior.
The initial viscosity of both materials was affected more by temperature than by shear rate; hovever, the temperature effect was greater for the zinc phosphate cement than for the zinc polyacrylate cement.
The geometry of the spindles produced significant differences in the measured viscosities. The t-bar spindle resulted in values of viscosity about 11 % lower than values obtained using the rod for the zinc phosphate cement.
The viscosity of both materials increased markedly with time. The viscosity of zinc phosphate cement increased at a faster rate than did that of the zinc polyacrylate cement at times measured from completion of mixing.
The use of colder mixing environments dramatically reduced the viscosity of these materials at any given time point.
